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Abstract 
This study addresses a static variable load for grid-connected photovoltaic system. In order to make the proposed system more 
improving powers disturbances, the interconnection of grid- photovoltaic assembled a reversible converter. The power circuit is 
composed of two 75 watts series photovoltaic panels associates to a static variable load with a dc-dc boost converter interconnect 
an alternative grid via reversible converter controlled by pulse width-modulation technique. In the dc–dc power conversion, the 
incremental conductance maximum power point tracking is introduced to improve the conversion efficiency of conventional 
boost converter. Moreover, a simple control system is designed for the current control of the reversible inverter to synchronize 
the output current to the alternative voltage in the grid and less variation under static load changes. Obtain results by using 
Matlab/simulink indicates that the present photovoltaic -grid system able to exchange the direction of active powers in the 
alternative grid for static variable load caused by reversible converter design. 
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Nomenclature 
  PV              photovoltaic 
INC -MPPT incremental conductance maximum power point tracking algorithm 
  SVL           static variable load 
  PWM         pulse width-modulation 
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1. Introduction  
Traditional electric power systems are designed in large part to utilize large base load power plants, with limited 
ability to rapidly ramp output or reduce output below a certain level. The increase in demand variability created by 
intermittent sources such as photovoltaic presents new challenges to increase system flexibility [1]. Recently, solar 
systems are seeking more attention as solar energy is omnipresent, and cost of photovoltaic cell is reducing 
nowadays. The Photovoltaic systems are intermittent in nature and cannot satisfy the power requirement alone 
throughout the year. Hence, mostly the grid integrated PV system with advancement is preferred to ensure the 
continuous power flow [2]. Generally, grid integrated PV systems enable dc–dc converter was employed for 
maximum power point tracking to achieve output voltage regulation. However, the output voltage of the dc-dc 
conversion PV systems is continuous and voltage signal in grid is alternative. So, to connect the PV with the grid it's 
necessary to using a dc–ac converter. In general, this structure enables a dc voltage control and a disturbance powers 
control strategy. 
This paper presents two Photovoltaic Panels for static variable load which each panel generate 75 w. So the total 
generated power is 150 w. Also, the PV with static variable load system connected to an alternative grid for 
calibrates the demand of exchanges powers. In this paper the incremental conductance MPPT is used to regulate 
output dc voltage PV system, a reversible converter is employed to connect the grid to the PV-SVL system and a 
simple control strategy in favor of synchronized the alternatives current and tension in the grid. With mean a test by 
using Matlab/simulink for SVL it is observed a fast dynamic response validity and effectiveness of the proposed 
control strategy for the interconnection grid PV-SVL system. The obtain simulation results designate also the 
proposed control system with the reversible converter able to exchange the direction of active powers in grid 
connected solar energy source system for static variable load.      
2. System description    
A schematic of the system is shown in Fig. 1. The system consists of PV array, diode, dc-link capacitor, voltage 
source inverter with a harmonic reduction filter, a step-up transformer and power grid. DC power generated from the 
solar array charges the dc-link capacitor. The grid connection inverter turns the dc into ac power, which has a 
sinusoidal voltage with the same frequency as the utility grid. The diode blocks the reverse current flow through the 
PV array. The transformer steps up output voltage source inverter (VSI), dc-ac converter to the nominal value of the 
power grid and providing electrical isolation between the PV system and electric network. The harmonics reduction 
filter eliminates the harmonic components other than the fundamental electrical frequency for 50Hz. 
 
 
Fig. 1. Total conversion system scheme. 
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2.1. PV array 
The employed PV module characteristics in this work are summarized in Table 1 [3]. Normally numerous PV 
cells are connected in series circuits on a panel to form a PV module for obtaining high power. In our study tow 
series photovoltaic panels are used. The output terminal current described by the implicit Eq. (1) [4]. 
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where I0 is the diode saturation current [A]; V is the terminal voltage of a module [V]; n is the ideal constant of 
diode; VT  is the thermal potential of a module [V], VT is given by  (kT/q); k is the Boltzmann’s constant (1.38e-23 
[J/K]); T is the cell temperature [K]; q is the coulomb constant (1.6e-19 [C]); m is the number of cells in series in a 
module. ISC is the short circuit current of a module under a given solar irradiance. Id is the diode current, which can 
be given by the classical diode current expression. The series resistance Rs represents the intrinsic resistance to the 
current flow. 
                                         Table 1.  PV characteristics. 
Cell type (crystalline silicon) Multi 
Nominal power (W) 75 
Short-circuit current (A) 
Open-circuit voltage (V) 
Maximum power point current (A) 
Maximum power point voltage (V) 
4.75 
21.8 
4.35 
13.7 
2.2. dc-dc  boost converter  
The dc-dc boost converter is an important device in photovoltaic system provides the connection between the 
solar panel and the load also allowed simplifies applied any technique control: MPPT, sliding mode control ...etc, 
for the ideal switching and continuous conduction [5]. However the output produced power of the photovoltaic 
generator is too weak, the use of a dc-dc boost chopper has become a necessity in order to rise up the produced 
voltage level, wherein the control of the duty cycle (d) depends on the MPPT control applied on the booster 
converter.  The mathematical model of the boost converter circuit is given by Eq. (2) and Eq. (3). 
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The desired voltage on the booster outside (Vdc) and the duty ratio of power electronic switch as indicated at the 
following expression [6]. 
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2.3. Reversible converter 
Fig. 2 illustrates the reversible inverter framework including four power semiconductors and an output inductor. 
In Fig. 2, Rg is the equivalent series resistor of the output inductor Lg and Vg is the output utility voltage; ig is the 
output current of the full-bridge inverter and Xg the line impedance grid, were Xg=Rg+jLgω. The Vi is the output 
voltage reversible converter, by applying Kirchhoff laws on the grid system 
ggig iXVV .	
                          (5) 
In order to analyze suitably, the following conditions of the system are made:  
 If the absorbed power by SVL is superior to delivered PV power, the grid delivers power to SVL;  
 If the absorbed power by SVL is equal to delivered PV power, the grid is neuter power exchange;  
 If the absorbed power by SVL is inferior to delivered PV power, the grid absorbs power from PV system.  
     
 
Fig. 2. Reversible converter associates alternative grid with an ideal transformer. 
Fig.3 (a) and (b) explain that there are four possibilities to exchanging active (P) and reactive (Q) powers for grid 
interconnect PV-SVL system with reversible converter design, these possibilities are exposing as: 
1- P > 0 & Q > 0 as a result:  grid delivers P & Q to SVL; 
2- P < 0 & Q > 0 as a result:  grid delivers Q and absorbs P to PV-SVL system; 
3- P < 0 & Q < 0 as a result:  grid absorbs P & Q from PV-SVL system; 
4- P > 0 & Q < 0 as a result:  grid delivers P and absorbs Q to PV-SVL system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. (a) Voltages vector positions grid system; (b) active and reactive powers disturbances in grid system. 
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3. Control system  
3.1. Incremental conductance MPPT algorithm 
The current-voltage behavior of solar panels nonlinearly depends on the solar irradiation intensity and 
environmental temperature. Consequently, the environmental condition variations change the maximum output 
power of solar panels. There have been various models proposed for PV cells, and among these entire models one of 
the simplest (which characterizes the I-V behavior of a PV cell), uses a diode in parallel with a current source [7]. It 
is well know that, in the grid-connected PV system, the DC link capacitor is charged by solar array, and then power 
is switched out from the capacitor using the power converter (inverter) and the extracted power is injected to the 
utility grid. To ensure that solar arrays deliver maximum available power to the converter, an interface device 
between converter and PV panels needs to be employed to control the flow of power. Among various MPPT 
algorithms, convergence speed is one of the most important features which improves the efficiency and also 
increases the stability of the system [8,9]. Therefore, any improvement in the rise time of MPPT improves the 
reliability of the system, increases the power extraction and results higher efficiency of the whole system. In this 
work the Incremental Conductance (INC) MPPT technique is used, the INC algorithm is shown in Fig. 4 [10], which 
is based on the current and voltage analysis of the output P-V characteristic. So the duty cycle must be augmented 
while the voltage rises on the positive side of the curve, otherwise the duty ratio had to be decreased on the negative 
side which features by voltage reduction [11], then the INC MPPT control is modeled as: 
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Fig. 4. Incremental conductance MPPT algorithm diagram. 
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3.2. Control reversible converter  
Generally the dc-ac control part is the important part in the grid connected photovoltaic system and the choose 
type control characterize by the simplicity of the technique. In this section the command of full-bridge arms 
reversible converter is elaborated. In our case a very simple control type is employed were the principal is to search 
to synchronise the alternatives voltage-current by mean a regulation of currents using a PI controller to achieve the 
synchronised output current. The general configuration of the proposed control in Matlab/simulink is shown in Fig.5 
were the outputs signals are modified by using a PWM control in order to control reversible converter. 
  
Fig. 5. Control scheme of the reversible converter design. 
4. Results and discussion   
It’s shown in Fig. 6 the different phases of the applied of the static variable load were three section of variation 
load as for the start time (t) simulation at 0 second (s) to t=0.5s the applied load is 120Ω in the second section at 
t=0.5s, a change load to 60Ω in the final step the applied load is 30Ω. So the simulation test of the proposed system 
starts by 120Ω total load, after that and at the flows steps of changing load we minimize the load to 50% at any 
section. According to Fig. 7 a 150 watts power generate by PV with a picks at instants of changing the load values. 
Fig. 8 illustrate the output reversible converter signal voltage (Vi), this figure indicate that the sinusoidal form of Vi 
with the change amplitude caused the load changing, also its observed that in Fig. 9, the voltage line (Xg.ig) have a 
sinusoidal form. Fig. 10 demonstrate the total voltage grid (Vg), the Vg is result of Vi and Xg.ig, in this figure the Vg 
signal form is a sinusoidal with a fixe amplitude and frequency. Fig. 11 shows the sinusoidal form of current line 
grid (ig), it’s observed that the ig have variable amplitude, this variation is accompany with the variation load values.  
For more analyze the principal control design Fig. 12 group Vi and ig in the same graph, according to this figure its 
practical a synchronism of Vg-ig grid signals, so is implicate the success of the proposed control system, by mean a 
zoom of this figure, Fig. 13 indicate an augmentation demand current of grid at t=0.5 s were this moment signify the 
minimization load to 50% or from 120Ω to 60Ω. Also in Fig. 14 the zoom shows another ig augmentation caused by 
other 50% of load minimization. Fig. 11 presents the different powers system, in this figure Pg is the active power in 
grid, Qg is the reactive power and Pd is the delivery power from grid to PV-SVL system, also Ppv is the generated 
power by the photovoltaic panels. According to Fig.15 we can see that in the first section (load=120Ω) Pd > 0 and 
grid delivery the active power to the load with Qg=0. In the second section (load=60Ω) Pd=0 and any exchange of 
active power for grid PV-SVL system with a very small reactive power delivery, in the last section (load=30Ω) Pd<0 
and grid absorb active power from PV generation system with more reactive power delivery compared to the second 
section but always small. So we can conclude that the proposed grid connect PV-SVL system is able to exchange the 
active power but not the reactive power.    
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Fig. 6. The static variable load reference. 
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Fig. 7. The delivered power inside PV.     
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Fig. 8. The output reversible converter signal voltage (Vi). 
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Fig. 9. The voltage line (Xg.ig). 
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Fig. 10. The total voltage grid (Vg). 
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Fig. 11. Current grid line. 
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Fig. 12. Current and voltage grid in modified voltage scull. 
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Fig. 13. Zoom 1: Vg and ig in modified voltage scull. 
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Fig. 14.  Zoom 2: Vg and ig in modified voltage scull. 
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Fig. 15. Different powers system. 
5. Conclusion 
This study has successfully developed a static variable load for grid-connected photovoltaic system, the 
efficiency of reversible converter, the reversible inverter control and powers exchange system. According to the 
obtained results, the proposed system improves ability of exchanging any active power but not the reactive power 
caused by the load natural. Moreover, the grid current can almost be maintained in phase with the utility alternative 
voltage, so the grid current-voltage signals are synchronized. In addition, the exploitation of the INC method MPPT 
for the dc-dc boost converter provides faster tracking power. 
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